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Foreword
As we all know, the energy crisis is still very much with us. Fuel costs are rising and will

continue to rise. Indeed, energy costs are increasing so rapidly that the most we can hope to
achieve through energy conservation measures in many cases is "cost avoidance," rather
than actual dollar savings.

Therefore, it is vital that all persons involved in educationcustodian, teacher, student,
administrator, and school board member alikebe constantly aware of the neea Inserve
energy and to work diligently at this task.

I urge you to examine closely the conservation suggestions in this publicati,.n and to
implement as many as possible and practicable. I am not encouraging conservation at the
expense of the health and safety of the human beings in our facilities or of the learning
processes of our children. However, wasteful and careless practices must be eliminated and
replaced by thoughtful, efficient management cf natural resources.

By reducing the consumption of energy. our schools can set an example of the
conservationists' attitude that today's students will need as tomorrow's adults.

I know I can count on the best efforts of all involved in dealing with this complex
problem.

Superintendent of Public Instruction

iii



Preface
On March 1, 1977, the Bureau of School Facilities Planning, California State Department

of Education, received an allocation under Title II of the Public Works Employment Act of
1976 for a project designed to promote energy conservation in California schools. This
publication is one of the major efforts of that project.

In August, 1977, the bureau sent a letter to all schok.1 districts and many_school architects
in the state requesting information on their independent efforts to conserve energy. At the
same time, the bureau staff continued research on published articles and reports. The replies
to the bureau's request were carefully reviewed and followed up when appropriate, and
individual items were categorized and tabulated. Over 100 schools, engineers, and architects
were visited or telephoned. The suggestions that were common to the most respondents are
emphasized in this publication_

California School Energt C'oncepts, 1978 provides suggestions that can be adapted at
individual school facilities to reduce energy consumption. It also focuses on the major
concepts of the new state standards for energy conservation for new nonresidential buildings
and contains explanations of how these standards affect schools. It is hoped that this effort
will help California school districts to achieve maximum energy-efficient and cost-efficient
operation of their facilities.

Bureau staff members responsible for preparing this publication were Ralph J. Askin,
Supervising Architectural Adviser; Nancy Hardaker and Larry Martz, research writers: Dents
Hedrick, Delineator: Fred Sanbongi, Engineer: and Jean Marquez, Office Assistant.

The staff of the Bureau of School Facilities Planning would like to express its
appreciation to all who contributed their time, effort, and specialized knowledge to this
publication and to the urgent goal of energy conservation.

WILLIAM D. WHITENECK
Deputy Superintendent
fire .4 dministration

JACQUE T. ROSS
Associate Superintendent. ar.d
Chief. Division of Financial
Services

JAMES f I. ORSBIJRN
Chief, Bureau of School

Facilities Planning
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Introduction
America's crisis is not a crisis of energy or a crisis of

the environment. It's a crisis of attitude.
Recognizing the mistakes of the past, let's roll up our

sleeves, correct those mistakes, and create a civilization
worthy of the name.

Let's plan our cities to let the sunshine in.
Let's design our living environment so that man and

nature are compatible. Let's grapple with the energy
issue as if life depended upon it. Because it does.1

Walter J. Hickel, former Secretary
of the Interior and former Governor
of Alaska

The Problem

In the 1974-75 school year, energy use cost
America's school districts approximately $1.5
billion, an increase of 55 percent from 1972-73.2
School administrators across the country are con-
cerned and alarmed about the energy situation. In
the next century this situation may conceivably be
alleviated through the development of abundant,
inexpensive, nonpolluting sources of energy:Tech-
niques for producing or using solar, wind, geo-
thermal, and nuclear energy may be refined: and
the costs for their production or use may be
lowered.

For the next few decades, howevLr, this
country's primary needs will have be met by
diminishing supplies of the traditional tossil
oil, natural gas, and coalat constantly escalating
costs.

The Evolution of Architectural Techniques

An examination of the evolution of architectural
techniques is helpful in attempting to understand
the nation's energy dilemma. Early "architects"
designed their buildings with climate in mind. They
had no other choice. They had no thermostats to

tWalter J. Hickel, "We're Not Rea 11 t' 'inning Out of Re-
sources.- New Worlds, V. 1.., tOctober-N, 19771. 31.

2These figures are from an untitlec Energy Adminis-
tration undated survey of school enere ..-osts for sa001
yca:s 1972-73 and 1974-75., Survey fon. sent to 10.000
school district superintendents across the country. Almost 3,000
responses were received. The figures are estimates based on a sample
of 49S .,lhool districts selected as being representative of the nation
as a witole.
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turn up when the weather was chilly, no light
switches to throw after dark.

Ancient Egyptian architects built thick, window-
less walls and flat stone roofs to keep out the
intense heat. Light came through door openings
and slits in roofs. In early Greece porticoes and
colonnades protected people from the hot summer
sun and sudden winter showers.

Rome's temperate to near tropical climate made
courtyards and gardens common. In central Italy
small windows and thick walls gave protection
from the brilliant sunshine. As their empir,'
expanded, the Romans came into contact with the
architectures of other cultures and adapted them
to their use. They developed sophisticated solu-
tions to the problems of space comfort, among
them the first highly developed central heating
system. Large Roman houses even had two sets of
living and dining rooms for comfort in both
summer and winter.

Between the eighth and twelfth centuries,
Romanesque architects in northern Europe built
large window and door openings to admit light,
and most buildings featured massive masonry and
steep roofs to drain off rain and snow. The pitch of
roofs was often reduced in parts of Scandinavia,
however, to allow dry snow to act as isulation. In
sunny southern Europe windows were smaller, and
roofs were flatter.

In medieval Engl Ind large windows were used to
brighten dreary roc,ms, and high-pitched roofs
served to shed rain and snow. Entrances to English
cathedrals were generally in the form of porches
that faced to the southwest and screened against
direct winds. Movable shutteri in Belgium and
Holland warded off driving rain, and belts of trees
acted as windscreens.

Many of these architectural techniques were
brought to colonial America from Europe and were
adapted to the new Cimate and available materials.

A remarkable similafity can be noted betwecl
architectural features and certain climates all over
the world. It is not by coincidence that totally
different cultures hav: developed like solutions to
similar environmental challenges. In =eral. archi-
tectural techniques have followed these guidelines:



I. The hotter the sun, the smaller the windows
and thicker the walls.

2. The drier the overall climate, the flatter the
roofs.

3. The colder and wetter the climate, the steeper
the roofs.

4. The drearier the climate, the larger the win-
dows (for lighting).

5. The windier the climate, the more protective
devices (trees, shutters, walls, and so fort).

Schoolhouse Architecture
School architecture has paralleled the archi-

tecture of other buildings. although schools-did not
evolve as independent structures until the nine-
teenth century. In early Athens "school" per se did
not exist. A slave would simply escort the sons of
well-to-do citizens from teachei to teacher, each of
whom specialized in a certain subject.

Schools in ancient Rome were private schools
and were held in whatever structure was conve-
nient. Teachers conducted elementary classes in
their own homes, in porticoes, or in the public
colonnades of the forum. Lecture halls for higher
education have been found in connection with
private baths.

During the Middle Ages the Roman Catholic
church ran cathedral and monastery schools in
Europe chiefly to train young men for the priest-
hood. Convents performed a similar function for
young women.

Widespread (level )pment of public schools did
hot begin until the early 1800s: and by the
mid-1800s. the United States. Canada, and many

alb 111Er I
One-room schools such as the old Columbia Hill School (now part
of San Juan Ricks Union Elementary School, San Juan Ridge Union
Elementary School District, Nevada City) were the nil.' in the
United States until stout 1850.

European countries had established public school
systems.

In the United States schoolhouses were similar
in construction to the_944wr buildings In , heir
region, and one-room schooLi were the rule until
about 1850. In 1848 the first fully-graded public
school in the United States, Quincy Grammar
School, an imposing four-story building, was built
in Boston. It was the prototype for the huge
multiple-story "monuments" that dominated
American schoolhouse architecture until the end or
the 1930s, with their various lavish facades of
Gothic, Victorian, Spanish Colonial, or other
design borrowed from the past.

Imposing multiple-story structures dominated American schord
house architecture from about 1850 until the end of the 1930s,

During the early twentieth century, substantial
improvements were made in heating. lighting, toilet
facilities, space per pupil, and fire safety. School
architecture remained essentially at a standstill,
however, until 1935, when schools such as the low,
sprawling Corona Avenue School in Bell, Cali-
fornia, and Ansonia High School in Ansonia,
Connecticut, were constructed. Such schools were
major factors in the modernization of school
design and were models for the functional,
comfort-controlled schools of the present.

Before the industrial revolution climate had
been given at least some consideration in the design
of buildings because a fireplace, pot-bellied stove,
or coal furnace alone was rarely adequate as
protection against frigid winds and below-freezing
temperatures. Technological advances of the late
nineteenth and early twentieth centuries, however,
and improvements in mechanical temperature con-
trol systems through the years freed architects
from the restraints of the past, sparking a minor
revolution in the architectural world. Talbot
Hamlin writes:



The architects of the 1920's had .mother concept which
was n its way a stultifying one: the theory that
modern-- that is. according to their interpretation, new
mt.thods of construction Ind new materials must always
be chosen for every r oblem that presented itself.
whatever the local or regional conditions might be.
Climate could be disregarded. for mechanical heating
and cooling devices make a building independent of its
region provided there is (sic) enough money and space
for them. In other words, instead of cooperating with
nature, architects of this decade felt that an
almost arrogant disregard for nature was the only truly
"modern" attitude.3

In the 1930s the arrogance abated somewhat:
and climate, site, and orientation were once again
considered, at ;.!ast partially. in planning buildings.
However, the &linage of technological advance had
been done. Tice ability to control the indoor
environment almost completely had irreversibly
changed America's :oncepts of comfort. Planning
America's School Buildings, a 1960 publication of
the American Association of School Adminis-
ti-ators, contains the following: "It is rather para-
doxical that the more refinements we build into
our artificial indoor climates, the more sensitive we
seem to become to the slightest variation in
temperature or air movement."' Such sensitivity is

3-Abut Hamlin, Architecture Through the Ages, New York: G.
P. Putnam's Sons, 1953, p. 633.

4
Planning Amtrica's School Buildings. Prepared by the American

Association of School Administrators School-Kuilding Commission.
Washington: American Association of School Administrators, 1960.
p. 117.
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energy expensive, as are the regulations that
technological improvements have fostered for
schools. When central heating became common,
demands increased for fresh-air ventilation in
specified, often excessive amounts, thereby placing
a heavy burden on heating, systems and con-
siderably increasing fuel needs and operating costs.
When electric lighting became the primary source
of illumination in schools, standards, now called
extreme by many, were developed, increasing
energy use and cost. Air conditioning, an unafford-
able luxury in most s. pools in the 1960s, is
commonplace today and is a major energy user.

Now, with the energy situation so apparent.
concepts of comfort arc, with difficulty, being
readjusted. Architects are "rediscovering" many of
the techniques for climate control that have
existed since the time of ancient Egypt but that
were discarded or lowered in priority during the
era of cheap energy. Techniques like shading
windows from the sun and planting deciduous trees
as windbreaks, which were used in schools in the
1950s and 1960s to add comfort and save on fuel
costs, are now being considered for their energy-
saving potential. Others. like double glazing and
heavy insulation, once considered too expensive,
are now being adopted for their long-range. "life-
cycle" benefits.



Energy Sources
This section is devoted to discussions of tradi-

tional fuels, "new" fuels, and fuels of the future.

Triditional Fuels
Wood was the first fuel people used to produce

energy. Later they learned to use wind and water
for power; and, until the 1800s, these three fuels
were the primary energy sources in the United
States. Today fossil fuels-coal, oil, and natural
gas- have almost entirely replaced wood, wind, and
water as basic sources of energy in this country.

Coal

Coal was used for heating in Europe as early as
the thirteenth century. In the United States its use
to heat homes and other lmrldings began in the
1750s. Today the major use of coal in this country
is to generate electricity. According to the Depart-
ment of Energy, the United States consumed
approximately 620 million short tons (about 562
million metric tons) of coal in 1977.'

The nation has enough coal reserves to meet its
energy dein :k.k for several hundred years, but
much of the coal is too deep in the earth to be
extracted by conventional mining methqds. is of
low quality. and contains a high percentage of
impurities. Besides these difficulties many other
problems must be solved before coal can be
considered competitive with oil and gas as an
energy source. These problems include pollution,
human safety in production. and transportation.

Petroleum

The first oil well in America wzas drilled in
Titusville. Pennsylvania, in 1859. That year the
country used about 200 gallons (757 litres) of oil a
day. In 1977 the United States used about 19
million barrels (over 3 biii;on litres) daily.' Over

'Monthly Energy Review. D'JE/E1A-0035/3. Prepared by the
Energy information Administration. Springfield, Va.: U.S. Depart-
ment of Energy, March. 1978, 30.

2I.igures derived from Sc;trwl Energy Crisis: Problems and
Solutions. Produced by Shirley Boss Neill for the American
Associatign of School Administrators. Arlington. Va.; American
Assticiation of School Administrators, 1977. pp. 11-12.
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,t10 percent3 of that oil was imported at prices up
400 percent since 1973.4 Petroleum is used for
transportation, heating, industry, and the genera-
tion of electricity.

Natural Gas

Found in oil fields, natural gas was considered a
waste product for mar* years and was burned off.
(Ironically, it is still burned off in the Middle East,
Africa. and many other parts of We we id.) Since
World War H natural gas has come into widespread
use and now heats over half of America's homes
and most of its public buildings. It is also used to
create electricity and as a raw material in the
production of fertilizers.

Today about three-fourths of the nation's
energy needs are supplied by petroleum and
natural gas, the least abundant ....els. Coal provides
only about 19 percent.5 but its use should increase
as mining technology improves. In California oil
and gas provide about 92 per "ent and coal about 3
percent' of the total energy used, according to the
California Energy Resources Conservation and
DLvelopment Commission (hereafter referred to as
the California Energy Commission). Experts' esti-
mates of U.S. and world fuel reserves vary, but all
agree on one thing: Ultimately the world's gas and
oil will disappear. leaving coal and other fuels to
bear the burden of supporting global energy needs.

Hydroelectric Power

The production of hydroelectric energy in the
U.S. has doubled in the last 25 years to about 4
percent of the country's total energy needs.'

3Monthl Energy Review, DOE/HA-0035/4.
Energy Information Administration. Springfied,
merit of Energy-, April, 1978. 43.

4 Ncill, School Energy Crisis; p. 12.
5Monthk Energy Review. DOE/E1A-0035 /1.

Energy Information Administration. Springfield.
rncnt of Energy, January, 1978, 46.

Quarterly Fuel and Energy Summary, VoL
mento: California Energy Resources Conservation...
Commission. Second Quarter. 1977, p. 20.

7 11arry 0. Walker. Energy: Options and issues.
of California. Davis, March, 1977, p. 81 (syllabus.

Prepared by the
V..: U.S. Depart-

Prepared by the
Va.: U.S. Depart-

3, No. 2. Sacra-
and Development

Davis: University



Production is not expected to increase substan-
tially. however, because many of the areas that are
suitable for hydroelectric development in the U.S.
have already been developed. California is more
fortunate than the rest of the country. During a
wet year about 30 to 10 percent of the state's
electric energy comes from hydro sources. One-
third of that is imported from the Pacific North-
west. In dry years, or during droughts, the per-
centage of electricity generated by flowing water
decreases, creating a greater demand for fossil
fuels.

During OctoberDecember, 1977, California
elementary and secondary schools used about 3
billion cubic feet (85 million cubic metres) of
natural gas and about 607 million kilowatt-hours
of electricity, for a total :.'ost for the three-month
period of S35 million, or approximately 57.77 per
student. During the same period elementary and
secondary schools used 0.2 percent of the natural
gas and 0.4 percent of the electricity consumed in
California.8

These figures are based on data supplied by the California
Energy Commission and the Bureau of School Apportionments and
Reports. California State Department of Education,

Unied States, 1976'

"New" Fuels
Relatively "new" fuels or sources of energy

include solar energy, geothermal energy, and
nuclear energy.

Solar Energy

Solar energy is a reality today in several Cali-
fornia schools. It is available almost everywhere, is
nonpolluting, and is virtually inexhaustible. In one
year the radiation that reaches the surface of the
continental United States exceeds the total amount
of fossil energy that will ever be extracted in this
country.' Even with a low energy-conversion
efficiency of 5 percent, the nation's total yez.rly
energy needs could be met with the sunlight that
falls in a year on 4 percent of the continental land
area.'° The California Energy Commission.in its
seven-volume 1977 biennial report, California
Energy Trends and Choices, estimates that the use
of solar energy in buildings could realistically

9
Edmund Faltermayer, "Solar Energy Is Here, but Its Not

Yet Utopia," Fortune (February, rk76). 103,
I °Schoolhouse, Nu. 26 (January. 1977), 2 (newsletter published

by Educational Facilities Laboratories, New York).

Energy Use Breakdown

Hydro 4%

Nuclear 3%

Source: Derived from figures in Afaltialy Energy Review.
DOE/EIA-0035:1. Prepared by the Energy Information
Administration. Springfield,Va. : ti.S. Department of
Energy, January, 1972:.

California, 1976-77

Nuclear 1%
Geothermal and other 2%
Coal 3%

Hydro 2%

Source: Derived from figures in Quarterly Fuel afid Energy
Summary, Veit. 3, No. 2. Sacramento: California Energy
Resources Conservation and Development Commission,
Second quarter. 1977.
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supply 8 to 12 percent of California's total energy gre e nh u.s
needs_ 11 -to heatBut solar potential is often oversold_ Solar swimming
energy is low in concentration, and it is help cool
undependablesunlight can disappear just when it old-time g
is needed the most_ Solar energy is also relatively
expensive tc. collect at this time_

Solar energy systems are ba:...ed on the principle
that anything exposed to the .-.;xn absorbs its heat.. waveHeat absorption is only part of the reason that the Heabeing

tt
wa

ra ppsteering wheel and other parts of a car become-so
hot on a hot day., however.. Glass has a spo.--Cific
property that lets it transmit shorter wavelength
visible rays of sunlight but not longer wavelength
invisible heat waves_ Sunlight passes through the
car windows_ is absorbed by the steering wheel andother parts of the car.. and is chdnged to heat
waves_ The heat waves cannot pass through the
windows and are "trapped" inside the car, raising
the inside temperature_ This principle is utilized The "greenhamost efficiently in-an ordinary greenhouse and has water for its h.
become known as the "greenhouse effect." The

1
-Catz,fcorrzia Trewas awci Chciices Vol_ 5- Prepared by

Office cif Energv System` in teration. Sacramento: CaliforniaEnergy Resources Conservation and Development' Commission.
1977_ p... 19.

..

-....1'

Basically
conv---',rt so
systems a:
energy tom-
the Fu.ttdi-i

C...gr.-cp. I._ y srts PI"t, c rlPSV cyt f-1 clew. r I .icsr ears- Aron, To.c.. r, La Pv1..5...

Solar perm.: at Gramess Ellisemsestary Sielsescsk Si u C144espo City tissWmact Schaal Clistrict.



mechanical devicespumps, fans, or motorsto
move the sun's heat to the interior of a building or
to storage areas. A passive system uses natural
meansgravity, convection, or radiationto do the
same thing.

Acilve systems. The main component of a
typical active system is the solar collector panel,
which consists of a heat absorber plate that is
usually made of metal. The plate is coated black to
increase absorption and reduce radiation of the
sun's energy, and its underside is insulated to
prevent heat from escaping. One or more glass or
plastic cover plates trap heat within the collector
(the greenhouse effect). Either water or air is
circulated through the panels, carrying heat to
storage and distribution equipment. On sunny days
the temperature of the absorber plate can reach
well over 200° F. (93° C.). Not all of the energy
reaching the collector is transferred to the air or
water, however. Collectors operate at an effective-
ness level of from 30 to 50 percent.' 2 The rest of
the heat energy is lost to the atmosphere.

12Solar Energy for Heating and Cooling. EOM-817R. Washing-
ton: Energy Research and Development Administration, 1977
(brochure).

So that as much sunlight as possible is received,
banks or arrays of collector panels are normally
mounted on a south-facing roof and slanted at an
angle that places them perpendicular to the sun's
rays. Since the winter sun is lower in the sky than
the summer sun, the angle of tilt of solar panels
will depend upon whether the greatest need is to
maximize winter heating or summer cooling capa-
bilities. Large water tanks or rock beds (for air
systems) are used to store the heat until it is
needed and are usually placed underground for
added insulation. When needed, solar heat is
transferred to the building's heat:ng system or
water heating equipment and put to use. Many
people _prefer hot air and rock storage systems to
water systems since problems such as possible
freezing of pipes are avoided.

Passive systems. The simplest type of passive
system uses the building itself as both system and
storage. The building "soaks" up the winter sun
through large south-facing single- or double-glazed
windows. The sun heats the interior directly during
the day, and massive walls and ceilings (up to I

foot fq.3048 metre] thick) made of dense, heat-
absorbing materials such as masonry, adobe, con-

The main component cf a typical active solar heating and cooling
system is the solar col'ect,r panel.

Thermostat

,/
kSterols tan

Heat I .gat

/ Z
ell Thermostat

Heater

(Emooratorl
Cooler .r.

(Evaporatur) ....--

// roomA 111,

Host ,isisfif tri Willi mgmat.
1 _p;-f, Arz 17 /Ile' ./72d

1.:SMIAW4:-#4tr:t.:' Liquid rer'igerantso-A&

Absorption cooling system

clapted from Solar Energy for Heating and Cothing. EDM-817R (1-77). Washington': Energy Research and Development Administration. 1977.

1 4:



crete, or stone act as heat sinks, radiating stored
heat back into the rooms after dark. Summer heat
is minimized as much as possible through the use
of windows shaded by deciduous trees, overhangs,
heavy drapes, or other means; and roofs are light
colored to reflect rather than absorb the sun's
rays.

A house with a passive solar heating system may
be partially buried in an earth berm to take
advantage of the natural insulation of the earth; or

1\ Framing

IMP

7*44.7
Insulation

4

Double glazing

Absorber plate

A typical solar panel is made up of (1) framing; (2) double glazing:
(3) absorber plate: and (4) insulation.

Summer

The winter sun is lower in the sky than um summer sun. Thus, the
angle of tilt of solar panels to be added to this school would depend
upon whether the greatest need is to maximize winter heating or
summer cooling capabilities.

it may include a greenhouse, a glass-enc:osed room
designed to collect heat, not to grow plants. By
day the greenhouse traps heat; at night it is sealed
off from the rest of the building to keep heat
stored inside the house from escaping through the
glass. The addition of plants helps to provide
humidity, making lower temperatures more livable.
In summer the glass is shaded, and vents at the top
are opened to prevent overheating.

Th. Trombe wall, invented by Felix Trombe, is
a rassive system using building mass and the
greenhouse effect. The system consists of a black
concrete south wall with high anc low openings
and a double-glazed outer wall. On a winter's day
the sun warms the room by convection; at night
the room is warmed by delayed radiation as the
concrete heat sink gives up its collected warmth. In
summer the sun is blocked by an overhang, and
vents are opened to create a "chimney effect" to
channel hot air outdoors.

Collector

Winter
heating
cycle

Heat rises into house

Berm

01/

Rock storage Cool air returns to
storage and collector

A passive solar system uses natural-meansgravity, convection, or
radiationto move the sun's heat to the interior of a building or to
storage areas.

A more complicated passive system uses solar
panels and transmits heated air or water by gravity,
convection. radiation, and concluz-tion directly to
the building or into a storage system and then into
the building at a later time. Many of these systems
can also work "in reverse" to cool a building by
giving off heat collected during-the day to the cool
night air.

With either an active or passive system, a back-up
heating system is usually necessary to provide heat
during extended cold and cloudy periods.

A list of school solar projects that are opera-
tional, under construction, or in the planning
stages is provided in Appendix A. A list of other



energy responsive school projects is included in
Appendix B.

Domestic water heating. Solar energy has been
used extensively for many years to heat water in
homes in Australia, Israel, Japan, and Florida,
where fuel costs are high and the weather is sunny
most of the year. In some cases the heating of
water may be part of a space-heating system.

WINTER
HEATING

Direct heating
by convection

Delayed heating
by radiation

Wall warmed by
direct sun

SUMMER
COOLING

Ventaation
by convection

"Chi mney
effect" of
rising air

The Trombe wall is a passive solar system that uses the greenhouse
effect to collect the sun's heat and a black concrete wall as a heat
sink.

Water that has been heated by the sun in the
solar collector may be run directly into the hot
water storage tank or through a heat exchanger coil
in the tank to heat the stored water. When the
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water cannot be heated to a usable temperature in
the solar hot water storage tank, a back-up heater
is used.

Swimming pool heating. Swimming pool heating
is an ideal application of solar energy. Expensive
heat storage equipment is not needed because the

_pool provides its own storage for solar heat and
requires relatively low-temperature water. If the
pool is in direct sunlight, the sun is already helping
to raise the water temperature.

In the most common system, a large flow of
filtered pool water is pumped into the collector
panels, where the heat from the sun's rays is
transferred from the warm panel to the water,
raising the water temperature a few degrees. The
heated water is then returned to the pool. With
constant circulation through the panels, the pool
water gradually reaches the desired temperature.

As with space heating, a conventional heating
system may still be required as a back-up system to
achieve the desired pool water temperature on
cloudy days.

Solar cooling. Because of the widespread' use of
air conditioning in the United States, much atten-
tion has been focused on using solar energy for
cooling as well as heating. Solar cooling uses
absorption refrigeration equipment of the type
used in gas-burning refrigerators and air condi-
tioners. The solar heat simply substitutes for the
gas flame. Cooling requires higher temperatures
than heating-190° to 200° F. (88° to 93° C.)

a

Canyon Elementary School, Canyon Union Elementary School District, Lakehead, utilizes passive cooling techniques. During hot ',mother vents
are opened at night to allow cool air to enter. In the morning vents are closed. Body heat, heat from lights, and sunshine gradually heat the
interior air, which rises. Vents at the roof peak are then opened to, allow the warm air to escape.
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and thus requires more sophisticated solar panels.
The biggest advantage of solar air conditioning is
that it works best when it is needed the most
when the sun's heat is greatest during the day.
Unfortunately, for most schools st);.11- cooling
systems are extremely expensive in their current
forms.

Geothermal Energy

Like a huge furnace the earth's interior contains
tremendous amounts of heat. This is geothermal
energy, which can be fou.;,: in several types of
theoretically tappable reservoirs: hot water, dry
steam, hot dry rock, and geopressured water, a

Solar panels on the roof of El Camino Real Elementary School,
Irvine Unified School District, are usld in cooling the building's
interior.

potential source of mechanical (hydraulic) energy.
According to the California Energy Commission,
the ultimate heat source in "the core of the earth
will not be depleted in the geologically foreseeable
future, but the heat content or steam pressure of a
particular reservoir may be depleted by exploita-
tion within a few decades.

In most parts of the world, the geothermal
energy reservoirs are too deep to be reached with
existing drilling technology, but in some areas large
heat sources occur close to the surface and can be
tapped. Geothermal energy is used to generate
electricity in many countries, including Iceland,
Italy, Japan, Mexico. the Soviet Union, and the
United States. In this country the major geother-
mal power plants are located in northern California
at a natural steam field known as The Geysers. A
total of 106 geothermal systems have been
identified in the western states by the United
States Geological Survey. Homes in Boise, Idaho,
and Klamath Falls, Oregon. and a church in
Susanville, California, get their heat from hot water
wells. A major problem of geothermal energy is the

corrosivity or impurity of many of the known
existing hot water sources.

Nuclear Fission

In 1977 nuclear power plants produced about 3
percent of the nation's total energy. Nuclear fission
is seen by many as one of the major solutions to
America's energy dilemma. Problems do exist,
however, including limited supplies of uranium,
nuclear fission's base material, and technological
roadblocks. And, of course, many environmental-
ist. have waged vigorous struggles against the
cxpansion of nuclear power facilities.

Fuels of the Future
Most of America's potential energy sources are

now only in the idea or laboratory stages and are
not expected to be utilized for many years. Some
of them are discussed below.

Wind Power

For centuries wind power contributed substan-
tially to the world's energy supply. In America
windmills were used to pum? water, saw wood,
and generate electrical power for over 50 years;
from 1880 to 1930 over 6 million windmills
generated electric power in the West. Cheap fuels
were eventually determined to be better sources of
energy, bt by 1950 about 50.000 wind-powered
electricity generators were still in operation around
the country. By the year 2000 practical wind-
driven power plants could generate enough elec-
tricity to meet nearly 20 percent of the United
States' electrical needs.' The California Energy
Commission estimates that wind power could be
used to meet 9 to 15 percent of the state's

_electricity requirements by 1995." Advances in
aerodynamic design and engineering and improve-
ments in energy storage will be necessary, however,
before such production is possible. The California
Energy Commission encourages science classes to
help locate areas of usable wind energy in the state
and report them to the commission for further
investigation. For more information write to the
Wind Energy Program, California Energy Commis-
sion, 1111 Howe Avenue. Sacramento, CA 95825.

I 3I: nem. Conservation: Understanding and Activities for Young
Pcople. FHA /D- 75/264. Washington: Federal Energy Adminis-
tration. 1975, p. S.

. .14California Anergv Trends and Choices, Vol. 5. p. 19.



Oil Shale

The "pressure cooking" of shale to yield oil is
expensive. It also presents environmental problems.
An acceptable procedure for rendering oil in this
manner will not be available until the late 1980s at
the earliest. Perhaps as much as 100 billion barrels

P11.010 CourTPSV 01 Samba Labcw3tonas Albuaucrau. New r.ipvco

the year 2000 wind-driven power plants such as this one at the
U.S. Department of Energy's Sandia Laboratories in Albuquerque,
New Mexico, could venerate enough electricity to meet nearly 20
wean of the United States' electrical needs.

(about 16 trillion litres) of oil are accessible in
deposits in Colorado, Wyoming, and Utah) 5

Solar Electricity

Solar electricity can be produced by (1) solar
thermal conversion; and (2) photovoltaic con-
version.

Solar thermal conversion. As long ago as 1913, a
power plant in Egypt used the sun's heat to
generate electricity. Steam produced by solar heat
powered a 50-horsepower steam engine along the
banks of the Nile River. In the U.S. research began
recently on solar thermal conversion at the Depart-
ment of Energy's Sandia Laboratories in New
Mexico, and a pilot plant is expected to begin
operation in the next decade.

Photovoltaic conversion. The conversion of sun-
light directly into electricity in solar cells has
supplied most of the electricity for a variety of
space vehicles, including the Apollo spacecrafts.
The costs of photovoltaic conversion (hundreds of
dollars per kilowatt) are currently prohibitive. If
the Department of Energy can meet its goal of
reducing the price of solar cells to 50.50 a peak
watt by the mid-1980s, photovoltaic conversion
would be able to "compete" with fossil fuels and
nuclear plants as an energy' source in this country.

Other Possibilities

Research is being done on the creation of
artificial fuels by hydrogenation (heating solid
wastes under high pressure), pyrolysis (heating
wastes at high temperatures in an oxygen-free
environment), and natural fermentation. These
fuels, plus potential energy from tidal action,
ocean thermal gradients, hydrogen, breeder
reactors, and nuclear fusion, may well be the fuels
of the future. Time is needed, however, to ov..r-
come fec;inological, environmental, and economic
barriers. Many people believe that at the rate fossil
fuels are disappearing, time is running out.

I 5The United States Research and-Deve:opment Admin-
istration. EDM-055. U.S. Energy Research and Development Admin-
istration, 1975, p. 4.



Factors to Consider in Planning
a New Facility

Tomorrow's schools must be built with energy
conservation in mind. New energy conservation
standards and diminishing supplies of traditional
energy sources make this imperative.

The following sections contain information
about the new energy conservation standards for
new nonresidential buildings in California and
suggestions for school districts and architects to
consider in planning new school facilities. Those
involved in such planning are cautioned, however,
not to use some conservation methods in such a
way that they neutralize the effects of other
measures. For example, trees that are used to
provide shade should not be planted where they
will prevent sunlight from reaching a solar collectcr.

Energy Conservation Standards

On June 30, 1977, the California Energy Com-
mission adopted energy conservation standards for
new nonresidential buildings. Upon approval by
the State Building Standards Commission, the
standards were incor3orated into the California
Administrative Code...17.11.2 24, Building Standards.
In October, 1977, the California Energy Com-
mission published Energy Conservation Design
Manual for New Nonresidential Buildings (here-_,
after referred to as the Design Manual) to assist
those who must comply with and enforce the
standards and to "encourage the design, construc-
tion and operation of energy efficient buildings in
California." The initial analysis of the standards
indicates that compliance can be achieved with
current school construction practices. It is antici-
pated, therefore, that the standards will be made
much more rigid as time passes.

The new standards contain the legal require-
ments for the energy efficiency of the building
skin, or "envelope"; heating, ventilating, and air
conditioning (HVAC) systems and equipment;
lighting systems; and water-heating systems. The
Design Manual contains descriptions of the proce-
dures, calculations, and documentation that must
be completed to derrionstrate compliance with the
standards and includes copies of recommended
compl.'Ance forms. Also included are recommended
conservation measures designed to reduce energy

consumption even further. Most of these recom-
mendations are included in this publication.

Compliance Procedures

Architects and engineers can provide for compli-
ance with the standards in two ways. They may
choose to show compliance with either (1) compo-
nent performance standards; or (2) energy budget
standards. If they choose to demonstrate compli-
ance with the component performance standards,
they must complete compliance forms on the
various components of the building and satisfy
energy efficiency criteria for each component. If
they choose to show compliance with energy
budget standards, the architect and engineer must
calculate the annual total energy consumption of
the building, using a computer program certified
by the California Energy Commission. They must.
demonstrate that consumption will ,^ exceed the
maximum allowable annual energy consumption
("energy budget") indicated in the Design Manual.
This allows architects to make trade-offs between
the energy efficiency of different building compo-
nents, such as window space, materials, lighting,
and mechanical equipment, as long as the build-
ing's entire energy use does not exceed the
allowable amount. Credit against the energy budget
is given for use of nondepletable energy sources
(solar or wind energy). The use of nondepletable
energy sources to provide more than 40 percent of
the energy used annually for heating, cooling, and
water heating or to provide more than 20 percent
of the total energy used annually is corridered to
represent compliance. Special documentation,
described in the Design Manual, is required, .how-
ever. In the majority of schools, compliance with
component performance standards will probably
be the most appropriate and simplest method of
complying with the standards. -

A review of a number of existing schools of
various types, sizes, materials, locations, configura-
tions, and grade levels by Bureau of School
Facilities Planning staff indicated that the stan-
dards were met in only one instance. However, all
the schools easily would have met the requirements
if they had included more wall or roof insulation.

12 15



Enforcement Dates

For public buildings, including schools,. with
10,000 square feet (929 square metres) or less of
conditioned floor space, the enforcement date for
the energy conservation --tandards was July 1,
1978. After that date building -;:ermits will not be
issued for any public building that cannot meet :'e
standards. Compliance documentation is to be
submitted to the appropriate building code en-
forcement agency, which will verify it before
issuing a permit.

For public buildings, including schools, with
more than 10,000 square feet (more than 929
square metres) of conditioned floor space, the
enforcement date has been extended to January 1,
1979. Before January 1, 1979, the California
Energy Commission will determine the agency or
agencies responsible for review and approval of
compliance documentation for schools and other
public buildings and will inform school districts,
public officials, local contractors, and architects of
the procedures to follow.

Increases in Fees and Construction Costs

Compliance with the energy conservation stan-
dards will increase architects' and engineers' fees
for school buildings. In the opinioi of some
architects and engineers, the fees will probably
increase by an average of 0.3 percent of the cost of
the building. Construction costs are expected to
increase by at least 3 percent. Plan-check and
inspection fees for school buildings will also
increase to some degree.

Delays

Whether or not the energy conservation stan-
dards will cause delays in building design and
construction is not known at this time. Some
additional time will be required,. however, for
architects and engineers to complete the required
compliance forms or to obtain_a computer analysis
and for the designated authority to review the
forms or analysis and issue building permits. Since
the concept of energy-efficient building standards
is new, some confusion or misunderstandings may
occur. In addition, the forms and standards have
not been finalized. Delays may occur also in
obtaining equipment and materials that meet the
standards. For example, insulative building mate-
rials will have to be certified by an independent
testing laboratory, which may lead to some delays
in obtaining tested and approved materials.
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Procedures for Ordering the Design Manual

Copies of the Design Manual :nay be ordered
from t le California Energy Commission at the
foilo-Wilg address:

California Energy Commission
Publications UnitDesign Manual
1111 Howe Avenue
Sacramento, CA 95825

The cost of the manual is $1 0, plus sales tax for
California residents, and postage.

Life-Cycle Costing
During the life of a school facility, operating and

maintenance costs (including energy costs) are
three to four times the initial cost of the building.'
That is, why more and more school officials and
boards -of education are becoming aware of the
folly of awarding construction or equipment con-
tracts on the basis of initial costs alone and are
considering lo:,nrrange operating anti maintenance
costs as well. Life-cycle costing can avoid the false
economy achieved by cutting first-costs only to
end up with & building that during its lifetime is
extravagantly expensive in terms' of both energy
and dollars.

Some of the data needed to do a life-cycle cost
analysis are the following:

I. Annual fixer: charges, based on a capital
recovery period of perhaps 20 years and
including the interest charge

2. Annual energy and fill charge, based on
different energy sources under considelation
and the fuel use rate of different equipment

3. Annual maintenance costs
4. Annual replacement costs for equipment

The National Bureau of Standards has also
developed life-cycle costing techniques for evalua-
ting building designs for energy conservation.
Among the factors considered are first-cost, esti-
mated energy savings, cost of capital (interest),
inflation, increased energy costs, tax credits, main-
tenance and operation, insurance, and salvage
costs. Because of the complexity of these calcu-
lations and the assumptions that must be made
about the data, that agency strongly advises that
the analysis be performed by a qualified econo-
mist.

Richard Rittelmann, "Design New Buildings to Save Energy
and Money," American School & University, Vol. 46 (January,
19741, 25.

0
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. Further information on life-cycle costing can be
found in the Design Manual; The Economy of
Energy Conservation in Educational Facilities
(New York: Educational Facilities Laboratories.
1973); and "Energy Conservation Through I ife=
Cycle Costing," in the February, 1977, issue of tile
Journal of Architectural Education.

Site Selection
A major factor in selecting a building site from

several alternatives should be energy conservation.
Climate affects _different sites and building types
with varying severity, depending on location,
to -iography, prevailing winds, trees and other
vcgetation, and surrounding buildings. This results
in varying energy requirements, even for buildings
in different parts of the same city. An architect can
help school boards determine the energy advan-
tages and disadvantages of the microclimate of
each site and adapt the building design to the
microclimate of the site chosen.

Orientation
The orientation of the building on-the site will

also affect energy consumption. A rectangular
building absorbs less solar heat (and thus needs less
energy for air conditioning) if its long dimension is
aligned in an east-west rather than in a north-south
direction. (East and west walls are baked longer
and more intensely by the sun than north, or even
south, walls.) A building incorporating solar heat-
ing or cooling should be oriented so that the
collector panels face south to receive as much
sunlight as possible. A building that will make use
of cooling breezes should be placed where air can
flow through open windows, louvers, or vents.
Since ground temperaturt is fairly constant below
the frost line, the Design 11Putual includes recom-
mendations for considering the feasibility of build-
ing into the slope on sloping sites or using earth
berms to reduce heat loss through the walls during
the heating season and to provide added cooling
during the cooling season. This may or may not be

,applicable to schools, however, because of high air
conditioning loads even in winter and the loss of
breezes for natural ventilation. (Those interested in
a "berm" school may, wish to investigate Birch-
wood Elementary and Brooktree Eleinentary
schools [Berryessa Union Elementary School Dis-
trict, San Jose] and Bernal Intermediate, Blossom
Valley Elementary, and Oak Ridge Elementary
schools [Oak Grove Elementary School District,
San Jose] . Fremont Elementary School in Santa

Ana [Santa Ana Unified School District] , de-
pressed 5 feet 1.524 metres] below ground level,
is an example of another design using the insulating
quality of the earth.)

Building Shape
The shape of a building plays a basic role in

determining its energy requirements. Since heat is
gained and lost through the walls and roof,
minimizing these surface areas will help reduce
energy consumption. Given equal gross floor area
a spherical or round building has less surface area
in relation to interior. space (volume) than any
other building configuration. A square building ;las
less surface than a rectangular one of equal floor
space. Three-story, double-loaded classroom corri-
dor wings have 35 percent less surface area than
single-story buildings of equal volume.2 Compact
buildings also provide for reduced air conditioning,

. r /Lit Pf rro .16,141 1/1S011, te, P. Sin t.r Clem

At Srooktme Elemewary School, Berrywwe Union Elementary
School District, San ,lose, earth berms are used to insulate the
school fiom outside.temperetures.

'4-'5=4,"

I r,j1nbetl Phut., atilt MI .. hor.,

Fremont Elementary School, Santa Ana Unified School District, is
depressed 5 feet (1.524 metres) below ground level to take
advantage of the earth's insulating qualities.

2 The Economy of Energy Conservation in Educational Facilities.
Prepared by Educational Facilities Laboratories. New York: Educa-
tional Facilities Laboratories, 1973, p. 49.



plumbing, and electrical costs since pipe, duct, and
conduit runs are short. (Estancia High School in
Costa Mesa [Newport-Mesa Unified School Dis-
trict, Newport Beach] is an excellent example of a
large. yet compact, energy-efficient school.) The
natural ventilation and lighting potential of a
sprawling single-story building may, however, off-
set its additional land and construction costs and
thermal trans mission through the surface.

A review by Bureau of School Facilities Planning
staff of a number of existing schools of various
types, sizes, materials, locations, configurations,
and grade levels indicated no special energy conser-
vation advantage for any particular school
configurationcampus, cluster, or finger plan.
More research is necessary; however, it is doubtful
that one specific design solution will be found to
be applicable for all parts of the state. An engineer
can advise the architect on the energy t_ade-offs of
different building shapes and features. The Design
Manual includes a recommendation that architect
and engineer work together on the building design
from its conception. Also recommended in the
Design Manual is the use of self-shading building
shapes and minimal west-facing wall exposures in
those parts of California in which the reduction of
summer cooling loads is desirable. External shading
devices, such as canopies, fins, metal grillework,
and projecting mullions, are more effective than
internal shading with shades, venetian blinds, or
drapes.

Landscaping
In the Design Manual planting deciduous trees

'sear south walls is recommended. They shade and
cool the building in the summer; in the winter
when they drop their leaves, sunshine is permitted
to strike the building and pass through windows.
Shade trees should be transplanted in as large a size
as practicable; a fast-growing five-year-old tree
needs only five more years to grow to a size that
allows it to provide 80 percent of its full shade
potential.' Evergreens planted near northern walls
act as windbreaks. If the building is to be naturally
ventilated to some extent, care must be taken not
to plant trees that will block cool breezes. Sugges-
tions in the Design Manual include minimizing
pavement, particularly dark-colored pavement,
whiclrabsorbs a great deal of heat and radiates it to
buildings. Fountains, ponds, and sprays can be
both attractive and useful. A significant amount of

3 Victor Olgyay, Design with Climate. Princeton. N.J.: Princeton
University Press, 1963, p. 74.
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free precooling can be obtained if the building
intake for ventilating air is located near water.

Color Selection
In the selection of buildii., colors, atter ton

must be given to roofs and walls and ceilings.

Ro

The darker a sun-exposed surface, the more heat
it absorbs. A dark roof can absorb tremendous
amounts of heat. For example, on a sunny day
during which the air temperature is 95° F. (35°
C.), the surface temperature of a black roof will be
'90° F. (88° C.); the surface temperature of a
dark gray roof will be 175° F. (79° C.); the surface
temperature of a light gray roof will be 160° F.
(71° C.); and the surface temperature of a whit
roof will be 140°- F. (60° C.).4 Absorbed heat
radiates into the building, causing high air condi-
tioning loads: and, du:- to expansion. the roofing
materials deteriorate. A light-colored roof reflects
much of the sunlight that hits it and will Keep
cooler and last longer than a dark-colored roof. A
dark roof may be desirable in areas where heating
is the major consideration.

Walls and Ceilings

Light-refective Literior finishes can add an
equivalent of 30 footcandles of illumination to a
space. In a typical classroom this would permit a
30 to 40 percent .-reduction in artificial lighting
levels.' Light-colored wall and ceiling surfaces
should be kept clean ciirt also reduces illumina-
tion.

Insulation
The greater the difference between the tempera-

tures inside and outside a building. the faster heat
is los* or gained through the walls, roof, and or.
The basic function of insulation is to block heat
loss in the cold winter months and heat gain in
summer. Insulation performance, or "thermal resis-
tance valt.e," is measured in terms of R-numbers.
The higher the R-number, the more the insulation
will prevent heat flow. Although the energy conser-
vation standards do not include specific R-number
requirements for insulation used in nonresidential
buildings in California, to meet overall conserva-

4c. W. Griffin, Jr.. Manual of Built-up Roof Systems. New York:
McGraw-Hill Book Company, 1970, p. 83.

SC. W. Griffin. Jr.. Energy Conservation in Buildings: Tech-
niques for Economical Design. Washington: The Construction
Specifications Institute, 1974, p. 45. .
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tion criteria, most builders must boost the R-values
of the insulating material they install. A well-
insulated school building wastes fewer energy
dollars by reducing heat loss or gain through the
wP.11s, roof, and floor. To ensure the quality of
insulation sold or installed in California, the
California Energy Commission was, pursuant to
Senate Bill 459 (Chapter 1006, Statutes of 1977),
to adopt insulation standards by July 1, 1978. The
standards are to go into effect one year after their
adoption.

Glazing
Glazingglass, plastic, or other transparent

material set into a window frame or placed over
solar collectorsis extremely ineffective in keeping
heat in or out of a building. Double-glazed win-
dows, those with two panes enclosing an air space,
roughly double the thermal resistance of single-
glazed windows. Even so, they are not as effective
as a well-insulated wall in preventing thermal
transmission. Many buildings have more windows
than they need for natural light, ventilation, or
view; and their heating and cooling systems waste
energy combatting drafts or heat that has infil-
trated the building. Reducing the number and size
of windows to the necessary minimum should ease
the burdens on the heating, ventilating, and air
conditioning system. The engineer can calculate
infiltration and, along with the architect, will
advise the school board on the energy-efficiency of
single- or double-glazing, window size and number,
best orientation of windows, and use of heat-
absorbing or reflective glass.

Heat Recovery Systems
Schools produce a great deal of waste heat from

kitchens, lights, kilns, boilers, computers, and
people. (The collective body heat of 30 quiet
students in a classroom could release 14,000 Btu to
room air each hour.' ) Much of this heat is simply
exhausted, and lost, to the outdoors; but in many
schools enough r' mains inside the building to
require air conditioning, even in winter. Removing
waste thermal energy from where it is not wanted
and reusing it where it is wanted can save gas or

eZricityand dollars. Recaptured heat can be
immediately to heat or cool rooms or heat

water, or it can be stored for later use. Mechanical
heat recovery systems such as the rotary heat--

Children's Learning Be Stunted and Teachers Irked by
Low School Temperatures" American School Board Journal, Vol.
161 (January, 1974), 34.

wheel or heat pump can reclaim as much as 80
percent of used heat and pay for themselves in
energy savings in only a few years.' As an added
bonus removing heat from light fixtures increases
luminaire performance. For example, a 40-watt
fluorescent lamp operating in 77° F. (25° C.) air
produces 14 percent more light than the same lamp
operating in 100° F. (38° C.) air.' Efficient heat
recovery systems and adequate heat storage areas
for school buildings could, in time, make active
solar heating systems unnecessary and traditional
furnaces obsolete.

rin

Exhaust air

Outdoor
air supply

10"/ Continuously rotating
(wheel/ heat exchanger

Transfer media

Mechanical heat recovery systems such as the rotary heat wheel can
reclaim up to 80 percent of used heat. The wheel rotates slowly
between the exhaust, air stream and the incoming air stream,
transferring heat from one to the other.

Solar Energy
Passive solar energy systems can be effective in

schools and should be considered. Active solar
energy also seems well-suited to school use. School
energy demands are at their peak during daylight
hours, when sunlight is available. Schools have
especially large hot water needs for showers and
kitchens; and solar heat could be used to meet or
partially meet these needs. At the very least, solar
heating should be considered for swimming pools,
since gas-heated pools waste a great deal of energy
and are .the first to be, regulated when gas supplies
are low.

First-costs for active solar energy systems are
admittedly higher than those for conventional
energy systems, but life-cycle costing may show
solar systems to be more economical in the long
run. Solar energy firms claim that maintenance is
minimal, and sunshine is free. Unfortunately, solar
technology is too new for those involved to make

7 Ed Stephan, "Flow to Cut Your District's Fuel Use by
25'7.- Right Now," American School Board Journal, VoL 161
(January, 1974), 46.

8The Economy of Energy Conservation in Educational Facilities,
p. 42.



accurate predictions about maintenance and equip-
ment life. Another maintenance factor that no one
can predict is vandalism. Solar panels contain glass
and other fragile materials that vandals may find
appealing. However, an infnrmal Bureau of School
Facilities Planning survey kJ' 12 California schools
with operating solar systems revealed only two
instances of vandalism of t'a-e panels.

Grant monies for energy conservation building
and 'rehabilitation" programs, including solar
installations, become available from time to time
through the California Energy Commission or the
federal Department of Energy. Because application
procedures and funds available change, interested
districts should keep in contact with the above
agencies or the Bureau of School Facilities Plan-
ning for current information.

If solar energy does not seem economically
feasible now for certain districts, consideration
should be given to installing heating and plumbing
system connections to which solar systems may be
added in the future. Space for solar collectors and
heat storage tanks should also be provided.

Vestibules
Large quantities of heat flow through open

doors, both in and out, adding to the burdens upon
the heating, ventilating, and air conditioning
system. Sheltered entryways and double sets of
doors enclosing unheated air-lock vestibules can
substantially reduce temperature losses by infil-
tration, especially in areas with extreme tempera-
ture or weather conditions, such as Lake Tahoe or
Palm Springs.

Upon completicn of the facility, solar panels will help meet heating
'wads at North County Development Center in Oakland. The center
will be maintained by the Office of the Alameda County Super-
intendent of Schools.
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Task Lighting
Task lightinglighting each area of a room in

accordance with the tasks to be performed in that
particular areacan help reduce the need for
electricity and improve overall lighting quality. For
example, while it is desirable to illuminate a
classroom in a uniform manner for normal use,
task lighting provided at the teacher's work station
may substantially reduce energy consumption for
those before and after classroom hours when the
teacher is alone in the room. Task lighting may also
be appropriate for classrooms with play and other
nonreading areas, and it should be used in rooms
with study carrels. Before a task lighting system is
designed, each task must be analyzed thoroughly
for duration and difficulty. Systems must be easily
adaptable to future task changes. The engineer and
architect will need to refer to the Design Manual
and to California School Lighting Design and
Evaluation (Sacramento: California State Depart-
ment of Education, 1978) for specifics regarding
acceptable quantity and quality of light in class-
rooms.

Natural vs. Artificial Light and Ventilation
Two major design decisions that are influenced

by and that influence virtually all the foregoing
topics in this section are (1) whether natural rather
than artificial light will be the primary source of
illumination; and (2) whether natural ventilation
rather than air conditioning will be used in the
building.

Natural light saves electrical power needed for
artificial illumination and reduces cooling loads by
eliminating heat buildup from lights. However, the
use of natural light does not reduce the amount of
artificial light that must be provided for in a
building. It can only reduce the consumption of
electricity or replace the use of artificial light at
certain times and places in a building. The use of
natural light requires proportionately more glazing
(windows, skylights, light wells) in the building
envelope, which increases heat transmission and
infiltration. In winter this may increase 'heating
loads; in summer solar heat gains may put in-
creased demands on the air conditioning system.

Natural ventilation is acceptable when the
quality of outdoor air is satisfactory and when
noise problems do not exist. However, natural
ventilation cannot penetrate deeply into a building:
thus, it would not be appropriate for all building
types. For example, natural ventilation would be
suitable for a finger plan school but not necessarily

2
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a cluster plan school. Natural ventilation also
involves increased infiltration and increased heating
and cooling loads, which must be counteracted
with additional use of energy.

School district personnel should discuss these
design decisions and the energy trade-offs involved
with their architect and engineer to arrive at the
design that is most acceptable for their particular
location and needs.

Most school architects and other professionals
that Bureau of School Facilities Planning staff
questioned, including representatives of the
National Bureau of Standards, believe that at the
present time artificial environments are more effi-
cient overall than natural environments, primarily
because they can be controlled more easily and
because natural environments involve heating and
cooling losses that may increase, rather than
decrease, total energy consumption. This is not an
endorsement of windowless schools, however. Win-
dows of sufficient 'lumber and size should be
provided to allow outside viewing and to serve as
emergency exits.

4111111.-

Natural light saves electrical power needed for artificial illumination
and reduces cooling bads by eliminating heat buildup from lights.

In the future techniques may be developed that
will make the use of natural light and ventilation
systems more desirable. The ideal school of the
future will be lighted, heated, ventilated, and
cooled as much as possible by natural means. The
use of expensive and complicated mechanical
equipment that requires ongoing maintenance and
replacement of parts and that consumes depletable
and costly .energy resources will be reduced to a
minimum.

Load Management
Utility companies vary electricity rates for major

users on the basis of both time of ::ay and demand
(rate of consumption). Rates are higher during
peak load times (times of maximum demand by all
customers of the utility company) such as the
Middle of the day, and lower when t le load slacks
off; that is, the middle of the night. The demand
charge for an individual facility is -termined by
the highest electricity demand recorded during the
month (computed in 15-, 30-, or 60- uunute inter-
vals), even if that level was reached only once. For
example, if a school's demand reache. :00 kilo-
watts only once during the month arid vas 450
kilowatts for the rest of the month, t.ie school
would be charged for 500 kilowatts of demand, in
addition to so much per kilowatt-hour and peak
kilowatt-hour.

Many techniques are being developed to "over-
come" time-of-day pricing and demand charges.
Refrigeration systems may be operated during the
cool nighttime hours, when electricity rates are
low; and the chilled water can be stored in a large
storage tank until needed to cool the building the
next day. Computers, programmed for load man-
agement, can turn off equipment on a priority
basis to keep maximum demand below a certain
desired level.

School districts should contact utility company
customer service representatives, who can explain
utility operations, rates, services, and schedules and
suggest ways of economizing.



Suggestions for Existing Schools
Obviously, if a school was built in 1960, little

can be done today about its location and shape and
the direction that it faces. Measures can be taken,
however, to conserve energy. Many of the sugges-
tions given in this section were provided by school
districts and architects: others were discovered
during research by Bureau of School Facilities
Planning personnel. Some of the suggestions should
be helpful to every school district in the state.
Others may not be applicable to particular schools
or may require modification to meet -an individual -

school's needs. A few might be expensive, but a
district that can afford to pay fuel, bills for
wasteful energy practicd can afford to make
repairs that will, in time, more than pay for
themselves in energy. savings. However, before
authorizing any remodeling, purchases, or mainte-
nance contracts, districts should get expert advice.

Suggestions for District Administrations

The following are some suggestions for school.
district administrators to consider in planning and
implementing an energy conservation program.

Suggestions That May Require Minor Expenditures

Suggestions that would require school districts
to make only minor expenditures are the
following:

I. Form a district-level energy conservation team
or committee that involves as many segments
of the educational community as is practical.
Name an energy manager to ;lead the team
and to coordinate its activities. Team mem-
bers could include the following:

Building principals
Business manager
Energy manager
Maintenance and custodial staff supervisor
Representatives of teachers, the board of
education, food service personnel, parent-
teacher-student associations, and utility
companies
Student representatives
Superintendent
Transportation staff supervisor
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The team-should-be charged with develop-
ing an energy conservation program to_ be
followed by each school in the district. Ideas
in this publication should aid in the develop-
ment of the program, and the team may wish
to add more of its own. It is suggested that a
task force made up of administrators, custo-
dians, parents, secretaries, students, and
teachers be formed at each 'school to imple-
ment the district-level energy conservation
program under the direction of the principal.
A follow-up system may be needed to ensure
timely implementation.

2. Develop a public information program to
inform administrators, the community, main-
tenance staff, parents, students, and teachers
about what is being done and why and to ask
for their suggestions, comments, and coopera-
tion. Keep records on energy savings, and
display them. If school occupants can see
evidence of energy -vir they may be

.inspired to continue (0-.' techniques
and even to exceed g. . ,(The San Juan
Unified School District in Carmichael and the
Santa Clara Unified School District offer
rebates on energy savings to individual schools
to encourage conservation. Rebates at Santa
Clara may be ,used for any facet of the
school's educational programs. At San Juan
they may be used only to purchase instruc-
tional supplies. San Juan also provides
monthly consumption reports to each school
to give constant "reinforcement to the
schools that energy conservation is still a
district-wide priority.")

3. Include the subject of energy conservation as
part of the school curriculum. Utility com-
panies haie speakers, films, and :)r:nted
materials available to assist teachers in pre-
senting the energy conservation concept to
their classes.

4. Use life-cycle costing for all major expendi-
tures.

5. Provide inservice training for custodians and
maintenance personnel. Do not expect un-
trained, unskilled personnel to be able to
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repair and maintain sophisticated equipment
properly. Even the most energy-conserving
equipment will not conserve if it is operated
inefficiently. Develop operations and mainte-
nance procedures manuals, or obtain them
from architectural or engineering firms; and
keep them near equipment. Consider sending
operations and maintenance staff to summer
and evening classes in building maintenance
and operations and to seminars offered by
manufacturers.

6. Control the occupancy of school buildings.
Adjust schedules if necessary for conserva-
tion. (Sacramento City Unified School Dis-
trict authorized staff schedule changes during
summer, 1977, to reduce air conditioning
loads. Certain employees were permitted to
shift their work hours forward 11/2 hours to
reduce the number of pe,-sons on duty during
the hottest part of the day and to allow a
number of air conditioners to be shut down.)
Consolidate summer and adult classes and
community use to a few schools to reduce air
conditioning, electricity, and heating use.

7. Set standards for lighting; heating, ventilating,
and air conditioning; and water.

8. Establish a regular preventative maintenance
program with periodic inspection _and sched-
uled parts replacement and repair. Dirty or
corroded equipment must work harder and
uses more energy than equipment that is clean
and properly cared for.

Suggestions That May Require Major Expenditures

Suggestions that may require districts to make
major expenditures are the following:

1. Hire private or staff energy consultants to
assist in developing energy management pro-
grams. Work with representatives of local
utility companies. (The San Juan. Unifier.:
School District and San Leandro Unified .

School District have _employed full-time
energy experts. Other schools have contracted
with energy conservation consulting firms.)

2. Have an energy audit performed at each
school. Audits will reveal how much energy is
being used and how efficiently, and audit
teams can suggest ways to reduce energy use

And, increase efficiency.
Districts are encouraged to conduct their

own preliminary audits; some, however, may.
be interested in one of the audit options
discussed below. The Energy Sourcebook for

Educational Facilities (Columbus, Ohio:
Council of Educational Facility Planners,
1977) contains a nine-page systematic facility
survey (audit) checklist that may be used as a
model for an energy self-audit. Before any
structural changes or changes in the heating,
ventilating, or air conditioning system or
lighting system are made,' the proposed
changes should ,be checked for compliance
with Education Code sections 39101 and
39140. In addition, for uniformity the Bureau
of School Facilities Planning suggests that all
audits and recommendations be submitted to
the bureau for review before recommended
changes are made.

The Public Schools Energy Conservation
Service (PSECS), developed by Educational
Facilities Laboratories, performs a low-cost,
long-distance form of audit. Upon request the
service sends data forms to be completed by
the district for each school. The information,
plus local weather data, is fed into a com-
puter. The printouts provide a comparison of
actual school energy use with what the use
should be, based on guidelines established by
the service, for schools of the same generic
type. An on-site audit by an architectural or
engineering firm will still be necessary for
specific recommendations on building or
equipment modifications. As of November I,
1977, the costs for a Public Schools Energy
Conservation Service audit were S30 for each
elementary school and $50 for each secon-
dary school. For more information write
Educational Facilities Laboratories, 3000
Sand Hill Road, Building 1, Suite 120, Menlo
Park, CA 94025.

Local utility companies may send repre-
sentatives to audit school energy use. Pacific
Gas and Electric Company (PG and E), for
example; plans to begin a school auditing
program' in September, 1978, using the Public
Schools Energy Conservation Service com-
puter system. By June, 1979, over 1,500
schools in the PG and E service area, which
covers much of northern California, will have
been inspected at no direct charge to their
districts. The company plans to perform
1,500 school audits each year for the next
two to three years. Its technicians will pin-
point energy problems at each school. recom-
mend conservation solutions, and attempt to
"raise the awareness levels" of persons in the
schools regarding their use of energy. Most



other utility companies in the state, like PG
and E, have initiated some form of auditing
program. In addition, the California Energy
Commission was to adopt by July 1, 1978,
standards that will require major utilit com-
panies to audit all commercial customers.
major utility companies involved are ,Los
Angeles Department of Water and Power,
Pacific G4:" and Electric Company, Sacra-
mento .Muni ipal Utility District. San Diego
Gas and Electric Company, and Southern
California Edison Company.

3. Hire energy consultants to make a thorough
on-site inspection of each building and a
computer analysis of energy use. This can cost
from 53,000 to S 10,000 per building. Several
districts, however, have contracted with
energy conservation consulting companies
that perform analyses of heating and cooling
systems and make system modifications at no
direct cost to the district. Payment is a substan-
tial percentage of the dollar savings eff&:ted.
If no energy is saved, no charge is made.
(Audits of the building envelope, the lighting
system. and of 'r systems must still be done
by other teams to achieve energy efficiency in
these areas.) All district personnel who have
been polled about such analyses in their
districts have been enthusiastic-about energy
and cost reductions achieved. However, in
some cases utility bills remained the same
despite consumption reduction because of
fuel price increases. Schools should reduce
their energy consumption as much as possible
by ordinary common sense conservation
measureslowered thermostats, added insula-
tion. weatherstripping. aria so forthbefore
bringing. in an energy conservation firm to
study and modify heating. ventilating. and
air conditioning. systems. Districts should also
ensure that such firms do not profit from
systems that they did not install. For
example. a district that modifies the lighting
system in a school at its own expense while a
contract is in effect should retain the resulting
savings in electricity costs.

4. Call upon the Bureau of School Facilities
Planning for assistance. The bureau has also
begun an audit assistance program for Cali-
fornia schools. Districts desirin1.7 audits may
request assistance from their field representa-
tive. When an audit is requested. a team will
be formed by the bureau in cooperation with
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the district. A well-balanced audit team might
include- four or five of the following: (1)
school district personnelthe director of
operations and maintenance, district architect
or engineer, and energy coordinator (if any);
(2) state personnela Bureau of School Facil-
ities Planning field representative and a Cali-
fornia Energy Commission representative; and
(3) community personsrepresentatives of
the local utility companies and representatives
of an energy consulting firm (involving cost to
the district).

The Department of Energy has proposed
establishing matching grants to assist states in
conducting preliminary energy audits cf
schools, hospital buildings, and buildings
owned by local governments and public care
institutions. More information will be made
available by the California Energy Com-
mission when this proposed program is
finalized.

Suggestions with Regard to Equipment
Some suggestions for utilizing equipment in a

more energy-efficient manner are provided below.

Suggestions That May Require Minor Expenditures

The following suggestions should require dis-
tricts to make minor expenditures or no expendi-
tures:

I. Turn off all 'equipment when it is not being
used.

2. Minimize equipment use when possible. For
example, keep photocopy macifiriR"on only
part of the day. do not preheat ovens except
when necessary, use ventilation fans sparingly,
and operate dishwashers only when they are
fully loaded. (Fullerton Elementary School
District marks the doors of ovens that are in
use so the_ y will not be opened before baking
time is up. Magnolia Elementary School Dis-
trict' in Anaheim has reduced incinerator use
from 10 hours a day to 4 to conserve natural
gas.)

Suggestions That May Require Major Expenditures

The following suggestions may cause districts to
make major expenditures:

1. Replace worn out, inefficient. or obsolete
equipment and systems with energy-efficient
one

2. Siz equipment properly: equipment that is
t.. large for the job wastes i nergy.
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Suggestions for Heating, Ventilating,
and Air Conditioning

The suggestions below pertain to the heating,
ventilating, and air conditioning systems.

Suggestions That May Require Minor Expenditures

The following suggestions should require dis-
tri -ts to make minor or no expenditures:

1. Set thermostats no higher than 68° F. (20°
C.) ia4 winter and no lower than 78° F. (26°
C.) in summer. Advise students and staff to
adjust their clothing to the seasons. In most
areas of California, outside air may be used to
cool classrooms if the outside temperature is
55° F. (13° C.) less and the air condi-
tioning system has an "economizer cycle" to
allow. this. Turn off systems or lower thermo-
stats 5° to 10° F. (3° to 6° C.) overnight, on
weekenc 3, or in summer. Each district should
determine on a school-by-school basis
whether systems should be turned off or
thermostats lowered depending on the climate
of the area and the type of heating, venti-
lating, and air conditioning systems involved..
(San Diego City Unified School District
utilizes intrusion alarm systems that "hear"
heaters switching on and off at night in
classrooms where someone has forgotten to
turn down the thermostat before leaving:
Security records are routinely reviewed to
help minimize the number of such occur-,
rences.)

2. Adjust building warm-up time to the outside
temperature; on mild days only 30 minutes
may be required to warm up the building.

3. Disconnect or lock classroom controls on
the thermostats to prevent "temperature tam-
pering."

4. Let sunshine in on cold days, and use drapes
ur blinds to keep it out on warm, humid days.
Closing drapes and blinds helps reduce the
amount of glare and heat entering at the
windows.

5. Reduce ventilation to the code minimum
allowed. If possible, allow no outside ventila-
tion during nonoccupancy hours when the
weather is cold. Enough air will seep through
the shell to ventilate the building adequately.
Use this air instead of outside air for morning
heating start-up.

6. Educate students and staff about not opening
doors and windows unnecessarily when the

school is being heated or cooled mechanically.
Hold-open devices should be used only when
necessary and should not be used to keep
doors oizn for long periods. One school
found that nearly two-thirds of the energy
used- in the building was directly lost through
open doors, windows, cracks, and other out-
side openings. If the school is cooled with
natural ventilation, the staff should be taught,
how to operate windows, and windows should
be screened. In open plan schools where
either natural or mechanical ventilation can
be used, agreement should be reached so that
one section does not have windows open
while another has the heating, ventilating, and
air conditioning system turned on.

Suggestions That May Require Major Expenditures

The suggestions set forth below could require
school districts to make major expenditures:

I. Install locking thermostats for heating,
ventilating, and air 'conditioning equip-
ment. Much energy is wasted by changing
thermostat settings arbitrarily. Thermostats
should also be on locked se en-day clock
timers that automatically di ip night and
weekend temperatures -5° to . 0° F. (3° to
6° C.); fuel consumption can be reduced
10 to 15 percent.' Appropriate school
personnel should be taught how to use
timers so that they do not inadvertently
"sabotage" the system by such acts as
removing the pins that trigger the auto-
matic temperature setback controls.

2. Install heat recovery systems to "co-
generate," or reuse, waste heat instead of
exhausting it.

3. Caulk and weatherstrip doors and windows
to prevent air leakage. Consider replacing
windows and frames if they cannot be
upgraded by caulking and weatherstripping.

4. Add reflective film to windows, or double
glaze them. Metallic film coatings reflect
solar rays, reducing air conditioning costs.
Double-glazed windows have roughly
double the thermal resistance of single-
glazed windows.

5. Reduce glass area if justified. The loss of
natural light and the necessary increase in
artificial illumination may be more than
offset by the gain, in energy conservation
through reduced heating and cooling loads.

1 Schoolhouse, No. 13 (November, 1973), 3.
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6. Zone the heating, ventilating, and air condi-
tioning systems so that the use of one room
will not require heating or cooling the
entire school.

7. Add economizer cycles to all units as
needed. Economizer cycles use "free cool-
ing" by taking in outside air when the
outdoor temperature is less than that
indoors.

8. Add insulation. Adding insulation to walls
is not often possible, but insulation can be
added to roofs when they are replaced.
Insulate also heating, ventilating, and cool-
ing ducts and all. hot and chilled water
pipes.

9. Put spark pilot lights on all gas-fired heaters
and water heaters.

10. Shade windows and walls with louvers,
overhangs, trellises, and trees to reduce
solar heat gain. Inside use shades, drapes,
and venetian blinds.

11. Consider adding a solar system for space
heating or cooling if economically justified
by life-cycle costing.

12. Maximize landsCaping, and minimize paving
around buildings.

Suggestions for Lighting
Suggestions pertaining to lighting are provided

below.

Suggestions That May Require Minor Expenditures

The following suggestions should require school
districts to make only minor expenditures:

1. Turn off lights when not in use or when
natural light is sufficient. (San Diego City
Unified School District has placed reminder
decals on switch plates.) Natural light can be
used in many areas, including corridors, wash-
rooms, shower and locker rooms, and storage
and service areas. Fluorescent lights should
not be switched off unless they will be idle
for ten minutes or more. (This time limit is an
estimate; follow the manufacturer's recom-
mendations for the particular lamps used.)
Even with modern fluorescent lamps, nearly
80 percent of consumed energy ends up as
waste heat. Turning off unneeded lights will
help reduce the amount of waste heat and-
ease the load on the air conditioning system.

2. Reduct lighting levels to minimum requim-
ments. (See California School Lighting Design
and Evaluation, and consult a Bureau of
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School Facilities Planning representative
before making substantial changes in lighting.)

3. Eliminate display and decorative lighting.
4. Have custodians turn off lights room by room

as they finish cleaning, or schedule daytime
cleaning if possible.

S. Reduce "on" time for outside lighting or the
amount of outside lighting if building !ecurity
will not be affected.

Suggestions That May Require Major Expenditures

The suggestions offered below may require
districts to make major expenditures:

1. Replace incandescent lamps with fluorescents,
or use incandescents of lower wattage. Con-
sider the new "energy saving" fluorescent
tubes on the market. Fluorescent lamps are
three times as efficient as incandescent lamps.
Consider the more efficient high intensity
discharge (HID) lampsmetal halide or high
pressure sodiumfor gymnasiums and multi-
use or exterior areas. (Yosemite Union High
School, Yosemite Union High School District,
Oakhurst, uses indirect high pressure sodium
lighting in classroom areas.)

2. Install localized switching. Whenever natural
light is sufficient to perform necessary visual
tasks, the bank of lights next to the windows
may be switched off. Photosensitive controls
will do this automatically. If controls are not
photosensitive, however, explain the proper
use of switches and the importance of such
use to teachers.

momaglil

The lighting system at Yosemite Union High School, Yosemite Union
High School District, Oakhurst, is an excellent example of indirect
nigh pressure sodium lighting. The 16. to 25-foot-high (4.9 to 7.6
metres) wood plank ceiling is stained white to alter the orange
colored light that is typical of such lighting systems. Ballasts are
mounted in the attic to prevent noise problems.
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3. Paint walls and ceilings light colors, and keep
them clean. Dark colors and dirt can reduce
illumination by up to 40 percent.

4. Investigate the use of seven-day clock timers
for interior lighting. Photoelectric cells that
turn outdoor lights on and off automatically
may be, a good investment. Ensure that cells
are not oversensitive and trigger in fog or on
cloudy days.

Suggestions for Maintenance
The following are suggestions for saving energy

in the area of maintenance.

Suggestions That May Require Minor Expenditures

Districts undertaking the following may have to
make only minor expenditures:

1. Keep all mechanical equipment in top oper-
> . ating condition.

2. Clean light fixtures and bulbs frequently, and
replace bulbs when necessary. Unremoved dirt
and dust can reduce efficiency by 10 to 12
percent in six months and 40 percent in two
years. Fluorescents should be changed after
80 percent of lamp-life is used. After that
time they use the same amount of energy but
produce less light.

3. Service air conditioners on a regular basis.
Check and repair cooling towers; replenish
refrigerant: and examine fans, pumps, com-
pressors, and other rotating equipment fcr
poor seals, belt slippage, and other defects.
Calibrate controls, and change filters.

4. Service furnaces regularly. Adjust fuel/air
ratios, check thermostats, and calibrate other
controls.

5. Ensure that doors and windows operate
properly.

Suggestions That May Require Major Expenditures

Major expenditures may be required to imple-
ment the following:

Employ full-time maintenance specialists.
2. If hiring full-time maintenance personnel is

not feasible or desirable, hire outside special-
ists to service furnaces and the air condi-
tioning system and to calibrate controls on a
regular basis.

Suggestions for Transportation
Ways to save energy in the area of transportation

are suggested below.

Suggestions That May Require Minor Expenditures

The following may require only minor
expenditures:

1. Encourage walking, bicycling, and car pool-
ing for both staff and students. Request
staff to form car pools when traveling on
official business in district vehicles. In-
crease the requirements for distances that
children must walk to school and to bus
stops. Furnish bike racks, and provide
adequate security for bicycles from theft
and vandalism.

2. Develop contingency plans for gas ration-
ing. Such plans may involve routing buses
on main roads only.

3. Eliminate the operation of buses that are
not truly needed. Use the smallest vehicle
practical for the job.

4. Install trip recorders to record data on
vehicle operation. Use this information to
reduce the consumption of gas and oil.

5. Audit fuel use on a month-by-month basis.
Include prices, suppliers, bulk storage data,
delivery dates, and practices. Analyze fuel
availability and current needs.

6. Schedule regular maintenance and tune-
ups. Correct faulty spark plugs, points, and
carburetion. Maintain and clean pollution
controls. Keep accurate records for mainte-
nance and fuel consumption, oil changes,
lubrication, and the like.

7. Keep gas tanks full to avoid excessive
evaporation. Keep tanks locked.

8. Make sure that bus tires are properly
inflated; soft tires increase gas con-
sumption.

9. Use computer scheduling for bus routing if
feasible.

10. Eliminate overlapping of routes. Combine
elementary and secondary school bus
routes.

11. Centralize pickup and return points. Space
stops as far apart as is feasible.

12. Minimize or eliminate staggered school
schedules.



13. Fill buses to capacity by sharing bus runs
with other districts or nonpublic schools
where possible.

14. Avoid "deadheading" (returning from a
trip with no load) as much as possible.

15. Contract with parents to provide trans-
portation in remote areas.

16. Train bus drivers for better fuel economy.
Reduce speed.

17. Train new drivers on existing runs while
deadheading.

18. Avoid courtesy stops.
19. Avoid full-throttle operation.
20. Turn off the engine when loading and

unloading children or when the bus will be
idling for more than 2 minutes.

21. Reduce bus warm-up time to 3 minutes,
and drive slowly for the first few miles
until the vehicle warms up.

22. In driver education classes teach fuel-
conserving driving habits.

23. Fill driver-training cars to capacity.
24. Reduce the number of miles driven for

each driver-training lesson. Reduce speed.
25. Limit freeway and highway driving in

driver-training classes.
26. Use simulators and driving ranges whenever

possible for driver education classes.
27. Reduce field trips and activity trips to

those most necessary.
28. Establish minimum and maximum dis-

tances for field and activity trips.
29. Combine trip requests for more than one

school to ensure full loads. Whenever pos-
sible, share buses with other districts to
athletic events.

Suggestions That May Require Major Expenditures

Major expenditures may be required to imple-
ment the following suggestions:
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1. Eliminate b..tses and cars that use excessive
amounts of gas, and replace them with the
smallest, most economical vehicles possible.
Consider purchasing battery-operated vehicles
and economy or compact cars for use in a
motor pool.

2. Install two-way radios to direct operations
and to redirect buses when necessary.

Suggestions Pertaining to Water
Water conservation per se is not within the scope

of this publication; however, the conservation of
water may have the end result of reducing the
consumption of gas and electricity and vice versa.

Suggestions Requiring Minor Expenditures

The following suggestions should require only
minor expenditures:

I. Reduce water temperature to 900-120° F.
(32° 49° C.1 or less except for dishwashing.
(The Office of the San Diego County Superin-
tendent of Schools has reduced hot water
heater temperatures to 80° F. [27° C.] except
for the water heater supplying the lunchroom
dishwasher.)

2. Turn off showers when they are not being
used.

3. Repair leaking fixtures immediately.
4. Turn off gas-fired swimming pool heaters, or

reduce pool temperatures.

Suggestions That May Require Major Expenditures

Major expenditures may be required to imple-
ment the following suggestions:

1. Install water restrictors on shower heads to
reduce hot water use.

2. Install a master control or clock timers on
showers.

3. Install solar collectors to heat hot water or
swimming pools.

3
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Appendix A

Solar Projects, 1978
-.7-------

Function

Number of

projects Facility School district County Status

Building cooling 3 El Camino Real Elementary School

San Anselmo Elementary School

University High School

Irvine Unified

Oak Grove Elementary

San Diego City Unified

Orange

Santa Clara

San Diego

Operational

Funded

Ready to bid

Building heat

,.-----

10 Green Elementary School,

Hancock Elementary School

Doyle Elementary School

University High School

Jean Farb Elementary School

Vista Grande Elementary School

North County Development Center

El Camino Rear Elementary School

South High School Gymnasium

West High School Gymnasium

San Diego City Unified

San Diego City Unified

San Diego City Unified

San Diego City Unified

San Diego City Unified

San Diego City Unified

Alameda City Unified

Irvine Unified

Torrance Unified

Torrance Unified

San Diego

San Diego

San Diego

San Diego

San Diego

San Diego

Alameda

Orange

Los Angeles

Los Angeles

Operational

Operational

Under construction

Ready to bid

Under construction

Under construction

Under construction

Operational

Operational

Operational

Dont ;tic hot water

s

10 Mountain Empire Junior High School

Mountain Empire Senior High School

Valley Center Middle School

Chauncy 1. Jerabek Elementary School

University High School

Jean Farb Elementary School

Vista Grande Elementary School

Doyle Elementary School

Grosimont High School

South High School Gymnasium

West High School Gymnasium

Mountain Empire Unified

Valley Center Union

Elementary

San Diego City Unified

San Diego City Unified

San Diego City Wiled

San Diego City Unified

San Diego City Unified

Grossmont Union High

Torrance Unified

Torrance Unified

San Diego

San Diego

San Diego

San Diego .

San Diego

San Diego

San Diego

San Diego

Los Angeles

Los Angeles

Operational

Operational

Under construction

Ready to bid

Under construction

Under construction

Under construction

Operational

Operational

Operational

Swimming pool heat 10

iDevelopment

Encina High School

Lewis Junior High School

Marston Junior High School

El Cajon Valley High School

Monte Vista High School

Granite Hills High School

(Montgomery Pool)

Timpany Center (handicapped)

Special Education Facility, Hesperia

McClymonds Senior High School

Center for the Handicapped

San Juan Unified

San Diego City Unified

San Diego City Unified

Grossmont Union High

Grossmont Union High

Grossmont Union High

Santa Clara City Unified

San Bernardino City

Unified

Oakland'Unified

Glendale Unified

Sacrament,

San Diego

San Diego

San Diego

San Diego

San Diego

Santa Clara

San Bernardino

Alameda

Los Angeles

Operational

Under construction

Under construction

Operational

Under construction

Under construction

Being designed

Operational

Under construction

Operational
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Some Recent Energy Responsive Projects

(Other Than Solar Projects)

Function

Two diesel generators to

power chiller and lighting

an a standby basis

Heat recovery for building

heat from diesel generators

Computerized controls

Heat recovery for build.

ins heat from light

fixtures

Heat recovery for build.

ing heat from light

fixtures

Computerized controls

Heat recovery for build.

ing heat from light fixtures

Indirect high pressure

sodium lighting

Facility School district County Status

Chauncey t. Jerabek Elementary School San Diego City Unified San Diego Under construction

Green Elementary School and nine others San Diego City Unified San Diego Operational

Hancock Elementary School San Diego City Unified San Diego Operational

Yosemite Union High School Yosemite Union High Madera Operational



Appendix C
Components of a Good Energy
Management Program

The distrtct appoints an energy manager.
The program is based on detailed, accurate and on-going reporting of energy consumption. Audits
provide the information needed to determine both immediate changes in operating and maintenance
procedures, building use and scheduling and long-range capital investments in modifications to buildings
and equipment.
The program is developed and examined in terms of cost benefits.
The program provides on-going and accurate information to all members of the school and community.
Goals of the program are clearly stated and specific in terms of what is to be accomplished, how it is to
be accomplished, by whom, at what cost, over waat period of time, and with what anticipated result.
Program activities are monitored and evaluated on a regular basis.
Experts from local businesses, government and utility compinies are recruited to help with specific
defined aspects of the program....
Meaningful involvement of staff, students and community is maintained.

Source: School Energy Crisis: Problems and Solutions. Produced by Shirley Boes Neill. Arlington. Va.: American
Association of School Administrators, 1977. p. 53.



Appendix D

Tips on Hiring Outside Consultants
School districts should:

Know about possible energy savers in schools.
Have their staffs tone up controls and handling equipment. if possible, before bringing in consultants.
Check out the consultant. Ask, "What have you done? Where? For whom?" Look particularly at the
consultant's background and record on energy conservation in s.hools or in buildings similar to schools:
for example, hospitals and office buildings.
Check with the consultant's peers as to capability, reputation. and performance. Check with persons in a
related but not identical profession.
Try using the same techniques used in hiring a teacher for specialized purposes. Go through the same
kind of screening techniques.
Involve the custodial staff and principals in data collection.
Be ready to provide records of past utility costs; building plans and specifications; data on installed
equipment (manufacturers' information. age and type of equipment, fuel used); information on
operational procedures; a-,I past maintenance records.
Assign a specific person to work with the consultant.
Require a written report of all systems surveyed and of suggested modifications, including costs. savings.
and pay-back periods.
Consider as a plus, but not an overriding factor. the consultant's certification. Also check the consultant
out by calling the appropriate local office of the consultant's professional organization.

School districts should not:

Ask for an open-ended study. The study should be specific.
Expect mechanical engineers or other consultants to have a panacea.
Look only to the large contractors. Small firms may handle the job as well or better.
Look only at the consultants who are advertising themselves as "energy specialists:
Be misled by colorful brochures or a well-appointed office.
Expect that each recommendation presented by the consultant will be acceptable or feasible.
Keep quiet if they feel they've been "taken" by a consultant. They should inform the California Energy
Commission. Department of Education, and the appropriate professional organization.
Believe people who say energy problems can be solved by taking one simple step: buying their product.
In most cases a variety of solutions will be needed.

Adapted from School Energy Crisis: Problems and Solutions. Produced by Shirley boas Neill. Arlington. Va.: American
Association of School Administrators, 1977. p. 49.
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Appendix E
Section Drawing

Canyon Elementary School
Canyon Union Elementary
School District

GRAVITY VENT

SECTION
=1-P-----4R SCALE
0 3 eZ

Smart and Clabaugh, Architects, Redding

This school offers an excellent example of the use
of natural ventilation.
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Appendix F
Section Drawing

Culverdale Elementary School
Irvine Unified School District

M.-
,

Knowles and La Bonte, Architects, Irvine

This school offers an excellent example of the use
of natural light and ventilation.
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Appendix G
Section: Drawing

Foothill High School
Amador Valley Joint Union
High School District

EXERCISE AREA
WOMENS-

LOCKER ROOM

SECTIO
,,,"4. am. ow CALC

3..

Ron Martyr, Associated rclsifects, Oakland

This school offers an excellent example of the use
of natural light in shower rooms and locker rooms.

32
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Appendix H
Section Draiwind

Oak Ridge Elementary School
Oak Grove Elementary
School District

..:;11111111=1111
,.;_. ---- 'Er

U
KITCH N

SECTION
1.5 25Fimlim4=6! SCALE

10 20 30 CCT

Porter, Jensen, Hansen, Manzagol, Architects, Santa Clara

This school is an excellent example of a compact
(round) structure with earth berms.



Appendix 1
Section , Drawing

Seaside High School Gym
Monterey Peninsula Unified
School District

GLASS

--CONCRETE

Fred Keeble and George Rhoda, Architects, Monterey

This gym offers an excellent example of the use of
natural light.
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Glossary
Absorption refrigeration. A type of air conditioning system

that uses equipment much like that used in gas-burning
refrigerators and air conditioners.

Active solar system. A system that uses mechanical devices
such as. pumps, fans, and motors to carry heat from solar
collectors to storage and from storage to the interior
space of the building.

Aftificial. Produced or effected by people to imitate nature.
Atrium. A garden court within a building.
Ballast. A device used with an electric discharge lamp to

provide the necessary circuit conditions for starting and
to Limit the operating current.

Berm. Earth banked against the concrete outside wall of a
building to provide thermal insulation and landscaped to
create an architectural facade. See also "Heat sink" and
"Building mass."

Breeder reactor. A nuclear reactor that produces fissionable
fuel and that consumes it. The new fissionable material
is created by capture in fertile materials-of neutrons
from fission.

Btu. Bri;'sh thermal unit, a unit of heat energy. The heat
required to raise the temperature of I pound of water 1°
F. (0.6° C.) at sea level. About equal to the heat from a
wooden match burned completely to ashes. A human
body emits about 400 to 500 Btu per hour.

Building mass. The weight of a building and the ability of
that weight to stabilize inside temperatures and thus
reduce the need fof- mechanical heating and cooling.
Building mass can be used to store heat or cold until
needed. See "Heat sink." .

Celsius. Replacement of the name centigrade. A tempera-
ture scale based on the freezing (0° C.) and boiling
(100° C.) points of water.

Chimney effect The tendency of air or gas to rise when
heated due to its lower density compared with that of
surrou-ding air or gas. The chimney effect can .be used .

in a building with a passive solar energy system to
channel hot air out of the building. See also "Thermo-
syphon system."

Clearstory. (also clerestory) window. A high window.
Cogeneration. A-- heat transfer process for using heat

recovered from or absorbed in one part of a cycle to
perform a useful function in another part of,the cycle.
See also "Heat recovery system."

Collector panel A device for intercepting the sun's rays and
converting them to heat, which is carried by water or air

, to storage.
.

Colonnade. An outside covered passageway or porch.
Co enser. A vessel in which a vapor (gas) is liquified by

emoval of heat.
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Conditioned space. Interior building space. that is heated or
cooled by mechanical means.

Conduction. A process by which heat flows from a region
of higher temperature to a-region of lower temperature
within a solid medium or between different mediums in
direct physical contact. For example: One end of a.rod
is placed in a fire, heat is conducted through the rod,
and soon the other end of the rod heats up.

Convection. The circulatory motion that occurs in a fluid
(liquid or gas) at a nonuniform temperature owing to the
variation of its density and:the action of gravity: the
transfer of heat by, this circulation. For example: Air
comes in. contact with the heating fins of a baseboard
heater, is heated, rises, and starts all air in the.room
circulating.

Co.ct avoidance. Keeping fuel bills relatively stable despite
rate increases by reducing fuel consumption as much as
possible. This does not result in actual dollar savings.
because fuel bills may be the same as or eren higher than
before rates were increased. However, without conserva-
tion, bills would have increased to a much greater
extent.

Double-glcred windows. Windows that have two sheets of
glass or plastic in the frame, with an insulating air space
between them.

Economizer cycle. A cycle of a heating, ventilating, and air
conditioning system that allows cooling with outside air
instead of refrigeration equipment-when outside temper-
atures are suitable.

Electric discharge lamp. A lamp in which light (or radiant
energy near the visible spectrum) is produced by the
passage of an electric current through a metallic vapor or
a gas.

Energy audit. A review of the design and operation of a
facility with respect to potential reductions in energy
consumption.

Energy Midget. Maximum allowable energy consumption
by a building.

Envelope. The shell or skin of a building.
Fenestration. The arrangement, p-roportioning, and design

of windows and doors in a building.
First-cost. The initial cost to construct and equip a facility.
Fluorescent lamp. An electric discharge lamp in which a

fluorescent coating (phosphor) transforms some of the
ultraviolet energy generated by the discharge into light.-

Footcandle. A measure of the amount of illumination on a
surface:

Fossil fuel Fuels derived from the remains of carbonaceous
fossils, including petroleum, natural-gas, coal: oil shale,
and tar sands.
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Geothermal energy. Energy extracted from the natural heat
of the earth's interior.

Glazing Glass, Plastic. or other transparent material set into
a window frame or used to cover solar collectors.

Greenhouse. A glass-enclosed room usually on the south
side of a house or other building whose primary purpose
is to collect heat for space heating. (Not to be confused
with the traditional greenhouse. a separate structure in
which plants are grown commercially or for private use.),

Greenhouse effect. The specific property of glass or plastic
that allows it to transmit shortwave visible rays of
sunlight but block longer wavelength invisible heat waves.'

Beat exchanger. A device specifically designed to transfer
heat between two physically separated fluids.

Heat pump. A refrigerating system, sometimes called a
"forward-backward- air conditioner, that draws heat
from inside a building and expels it outside to cool and
that draws heat from outside air and pumps it inside to
heat.

Heat recorery system. A heating, ventilating, and air
conditioning system that recovers waste heat from lights.
kitchens, and boilers, for example, and returns it to the
building for space or water heating or storage. See also
"Cogeneration."

Heat sink. Material such as masonry. adobe. concrete.
stone, or water that stores heat until needed (when the
surrounding temperature is lower than that of the sink).
See also "Building mass."

HID lamps. High intensity discharge larrips. such as high
pressure sodium. mercury- vapor, and metal halide, that
can deliver from two to five times the lumens per watt as
the standard incandescent lamp.

HVAC system. Heating, ventilating, and air conditioning
system.

Hydroelectric energy. Ener*/ created by falling or moving
water.

Hydrogenation. Heating solid wastes at high pressure to
create fuel.

lhc-andescent lamp. An electric lamp in which a filament is
heated in a vacuum by an electric current to produce
light.

Infiltration. Air leakage into a building through open doors
and windows, cracks around doors, windows and other
openings, construction joints, and through building
materials,

Insolation. The amount of solar radiation received by an
object such as a solar panel, measured in Btu/hr./sq. ft.

Insulation. A material with a relatively high resistance to
heat flow that is used prirfcipally to retard the flow of
heat.

Kilowatt-hour (kWh). One thousand watts, of electricity
used for 1 hour.

Lamp. A source of light made by human beings;. for
-example, an incandescent light bulb and fluorescent
tube.

Life-cycle costing. Considering long-range operating and
maintenance costs before awarding construction or
equipment contracts.or making any major purchase.

Load management. Adjusting a building's operation and
equipment to cope with utility company artificial
time-of-day pricing policies; that is, scheduling major
usage at a time of day when rates are lowest or turning
off equipment sequentially to keep consumption at a
predetermined maximum at doles of day when rates are
highest.

Lumen. A unit of light.
Luminaire. A complete lighting unit consisting of a lamp or

lamps together with parts designed to distribute the
light, position and protect the lamps, and connect the
lamps to the power supply.

Microclimate. Weather conditions unique to a specific
limited area. such as a school site.

Mullion. A vertical strip, dividing the panes of a window,
door, or screen.

Natural light !heat. Light/heat from the-sun thiit can be used
to illuminate or warm a building.

Natural ventilation. Outdoor air (breezes) that can be used
to cool or freshen a building as it flows through open
windows or vents.

Nondepletable energy source. An energy source, such as
wind or solar energy. that is not depleted by use.

Nuclear energy. Enera, largely in the form of heat.
produced during nuclear chain reactions. This thermal
energy can be transformed into electrical energy.

Nuclear fission. The splitting of a heavy nucleus into two
atoms of lower atomic weight, involving the :elease of
energy.

Nuclear fusion. The formation of a heavier nucleus from
two lighter ones (such as hydrogen isotopes) with the
attendant release of energy.

Ocean thermal gradients. Areas at different depths in the
ocean that have temperature differences of as much as
45° F. (25° C.). These gradients can be used to produce
mechanical energy.

Oil shale. Sedimentary rock containing organic material
:rom which liquid petroleum can be extracted.

Passive solar system. A system that uses the structure of the
building (building mass, greenhouse) as both the collec-
tor and storage medium of solar heat. Passive systems
may also include solar panels and move heat through
nonmechanical means, such as conduction, convection,
thermosyphon. and the chimney effect.

Peak watt. A watt used at the time of day when utility
company rates are highest. See also "Load manage-
ment."

Photovoltaic conversion. Conversion of sunlight directly
into electricity through concentration of the sun's rays
onto solar cells.

Portico. A porch or walkway. with a roof supported by
columns. often leading to the entrance of a building.

Pyrolysis. The conversion of organic materials into other
compounds via the use of heat in an oxygen-deficient
environment, Principal products are gases, oils, and char,
a solid carbonaceous residue.

Radiation. Transmission of heat through space by wave
motion; the passage of heat from one object to another
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without warming the space between. Sunshine, for
example, hea:s up what it shines on but does not heat
the intermediate air.

Retrofit. Addition or replacement of minor building com-
ponents at small cost or of major systems at significant
cost. Also called rehabilitation.

Rotary heat wheel A type of heat recovery system in
which a rotating metal cylinder absorbs waste heat from
the exhiust air stream and transfers it to the other end
of the cylinder. As incoming fresh air passes over the
second end of the wneel, it is heated.

Solar cell. A device, often made of silicon, that converts
sunlight directly into electrical energy.

Solar then:ial conversion. Use of the sun's heat to make
steam, which is used to generate electricity.

Space heating Heating the interior area, or space, of a
building, as opposed to hot-water heating.
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Task lighting. Lighting provided for each of several individ-
ual work or study stations within an area as opposed to
lighting provided uniformly for the entire area.

Therm A unit of heat equal to 100,000 Btu.
Thermosyphon system. A solar heating system that uses

natural corvection to transport heat from the collector
to an elevated stora;e tank. See also "Chimney effect:'

Trombe wall A passive solar system. invented by Felix
Trombe, that uses a greenhouse to collect the sun's heat
and a black concrete wall as a heat sink.

Uranium. A radioactive element that is the basic raw
material of nuclear energy.

Vestibule. A small entrance hall or antechamber between
two doors of a building: a lobby.

Watt. A unit of electric or heat power. One watt equals 3.4
Btu/hr.
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